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CAM

:   chick embryo chorioallantoic membrane

DAB

:   3,3‐diaminobenzidine

EGCG

:   epigallocatechin‐3‐gallate

MDR

:   multidrug resistance

MVD

:   microvessel density

OSCC

:   oral squamous cell carcinoma

PCR

:   polymerase chain reaction

Pgp

:   P‐glycoprotein

RTV

:   relative tumour volume

VCR

:   vincristine sulfate

VEGF

:   vascular endothelial growth factor

Oral squamous cell carcinoma (OSCC) is a very aggressive malignancy of head and neck cancer and has a dismal outcome, that is, more than 50% of patients who received curative treatment would die from the disease or related complications within 5 years \[[1](#feb412905-bib-0001){ref-type="ref"}, [2](#feb412905-bib-0002){ref-type="ref"}, [3](#feb412905-bib-0003){ref-type="ref"}, [4](#feb412905-bib-0004){ref-type="ref"}, [5](#feb412905-bib-0005){ref-type="ref"}\]. Effective treatments for OSCC include chemotherapy, surgery and radiotherapy \[[6](#feb412905-bib-0006){ref-type="ref"}\]. Although the short‐term efficacy of these treatments is confirmed, the long‐term prognosis of patients remains poor, which is mainly attributed to OSCC recurrence and development of resistance to chemotherapeutic agents.

Multidrug resistance (MDR) is a phenomenon whereby human tumours acquire resistance to multiple anticancer drugs with diverse structures and mechanisms of action; MDR is the main cause of chemotherapy failure and high mortality rate of cancer \[[7](#feb412905-bib-0007){ref-type="ref"}\]. One of the important advances in our understanding of MDR is the identification of P‐glycoprotein (Pgp) and other related cell membrane transporters, which can increase the efflux of cytotoxic drugs from cancer cells and thus decrease their intracellular concentrations \[[6](#feb412905-bib-0006){ref-type="ref"}, [7](#feb412905-bib-0007){ref-type="ref"}, [8](#feb412905-bib-0008){ref-type="ref"}, [9](#feb412905-bib-0009){ref-type="ref"}\]. Classical MDR is often partly due to the elevated expression of efflux pumps in the cell membrane \[[10](#feb412905-bib-0010){ref-type="ref"}\]. The medium of the breast epithelial tumour cell line MCF7, which is known to overexpress MDR1 Pgp, induces angiogenesis correlated with platelet‐activating factor \[[11](#feb412905-bib-0011){ref-type="ref"}\]. A new and seemingly counterintuitive preclinical strategy to combat drug resistance in cancer has been developed; in this method, 'chemotherapeutics act as antiangiogenic agents', that is the ability of such drugs to damage or kill genetically stable host endothelial cells of a tumour\'s newly formed neovasculature \[[12](#feb412905-bib-0012){ref-type="ref"}, [13](#feb412905-bib-0013){ref-type="ref"}\]. The administration of chemotherapeutic drugs in this manner is called 'antiangiogenic' or 'metronomic' chemotherapy \[[13](#feb412905-bib-0013){ref-type="ref"}\].

Epigallocatechin‐3‐gallate (EGCG) is the most abundant bioactive ingredient of tea polyphenols in green tea and exhibits a wide range of pharmacological actions, including anticancer, antiultraviolet radiation and antiangiogenic effects \[[14](#feb412905-bib-0014){ref-type="ref"}, [15](#feb412905-bib-0015){ref-type="ref"}, [16](#feb412905-bib-0016){ref-type="ref"}, [17](#feb412905-bib-0017){ref-type="ref"}\]. The anticancer effect of EGCG could be due to its inhibition of tumour angiogenesis by reducing vascular endothelial growth factor (VEGF) expression, resulting in suppressed tumour growth \[[18](#feb412905-bib-0018){ref-type="ref"}, [19](#feb412905-bib-0019){ref-type="ref"}, [20](#feb412905-bib-0020){ref-type="ref"}\]. Pilot studies suggested that EGCG may help reverse the MDR of various human cancers \[[21](#feb412905-bib-0021){ref-type="ref"}, [22](#feb412905-bib-0022){ref-type="ref"}, [23](#feb412905-bib-0023){ref-type="ref"}\]. Yuan *et al*. \[[24](#feb412905-bib-0024){ref-type="ref"}\] reported that EGCG sensitises cisplatin‐resistant oral cancer by MDR1 signalling inhibition. However, the effect of EGCG on tumour MDR and the exact mechanisms have not been elucidated, especially the reversible effect of EGCG. Moreover, EGCG enhances the synergistic anticancer effect of other drugs, such as melatonin; as such, combining EGCG with other drugs is a reasonable strategy to treat cancers \[[25](#feb412905-bib-0025){ref-type="ref"}, [26](#feb412905-bib-0026){ref-type="ref"}\]. However, EGCG has side effects. Mice treated with gradually increasing doses of EGCG exhibited some of the features observed in patients with subacute liver failure, especially ascites \[[27](#feb412905-bib-0027){ref-type="ref"}\].

The present study aimed to evaluate the preclinical efficacy of EGCG combined with vincristine sulfate (VCR) in human OSCC. A KBV200 cell‐inoculated xenograft nude mouse model, which is a representative MDR OSCC model, was established. The model was treated with different compounds to examine antitumour activity *in vivo* and investigate the underlying mechanisms. The effects of the combined treatment on tumour growth, angiogenesis and VEGF expression were assessed using daily measurement, immunohistochemistry, ELISA and RT‐PCR analysis.

Materials and methods {#feb412905-sec-0002}
=====================

Materials {#feb412905-sec-0003}
---------

The KBV200 human MDR of oral carcinoma cell line was kindly provided by X. Zuoliang (Beijing University, China). BALB/C‐nu/nu nude mice (4--5 weeks old) weighing 13--17 g were obtained from SLRC Laboratory Animal Co., Ltd (Shanghai, China). The mice were maintained under pathogen‐free conditions in facilities approved by the Animal Centre of Guangxi Medical University. EGCG was extracted and separated according to the method of the patent (No: ZL91109820.8). VCR was purchased from Shanghai Hualian Pharmaceutical Company (Shanghai, China). RPMI‐1640 medium and FBS were acquired from Gibco‐BRL Life Technologies, Inc. (Gaithersburg, MD, USA). Anti‐VEGF and anti‐CD34 antibodies and Ultra‐Sensitive™ SP Plus Kit were bought from Fuzhou Maixin Company (Fujian, China). Human VEGF ELISA kit was supplied by Jingmei Biotechnology (Beijing) Co., Ltd (Shenzhen, China). Rapid RNA extraction and purification kit was purchased from Beijing Huashun Biotechnology Company (Beijing, China). First‐strand cDNA synthesis kit was obtained from MBI, Inc. (Salt Lake City, UT, USA). PCR amplification primers were supplied by Shanghai Sangon Biological Engineering Technology and Service Co., Ltd (Shanghai, China). Fertilised white leghorn chicken eggs were provided by Liang Feng Agricultural and Animal Co., Ltd (Nanning, China).

Chick embryo chorioallantoic membrane assay {#feb412905-sec-0004}
-------------------------------------------

Chick embryo chorioallantoic membrane (CAM) assay was performed as described with slight modification \[[28](#feb412905-bib-0028){ref-type="ref"}\]. The eggs were soaked in 1% solution of bromo‐geramine for 5--10 min. The fertilised chick eggs were placed on a tray with 45° angle and incubated for 5 days at (37.6 ± 0.2) °C and 60% relative humidity. After incubation, a small window (15 mm × 15 mm) on the air chamber side of the eggshell was opened with a dental saw. Shells were removed carefully with sterile forceps. Subsequently, 80, 160 and 320 μg of EGCG (80, 160 and 320 mg·L^−1^, 1 mL each) and PBS were injected directly onto the CAM. The eggs were sealed with sterile medical tape and incubated for 48 h. The CAM was then fixed with a mixture of methanol and acetone (1 : 1) for 15 min and photographed using a camera. The extent of angiogenesis was determined by counting the number of blood vessels over 5 mm circumambient CAM.

Cell culture {#feb412905-sec-0005}
------------

KBV200 cells were cultured at 37 °C \[5% (v/v) CO~2~\] *in vitro* by using RPMI‐1640 supplemented with 10% (v/v) FBS, 100 U·mL^−1^ penicillin G and 100 µg·mL^−1^ streptomycin. The culture medium was added with 200 nmol·L^−1^ VCR to maintain VCR resistance. For subculturing, the cells were dissociated using 0.25% trypsin with 0.02% EDTA.

*In vivo* animal model studies {#feb412905-sec-0006}
------------------------------

KBV200 cells were cultured and isolated by typsinisation. Cell number was counted using a haemacytometre. The cells were resuspended in PBS, and 5 × 10^7^ cells per 0.2 mL of PBS were injected into the right axilla of each nude mouse. When the average tumour size reached 125 ± 56 mm^3^ in 8 days, the mice were randomly divided into six groups (*n* = 6 in each group, three males and three females) as follows: control (PBS only), VCR (0.46 mg·kg^−1^, q4d, intraperitoneal injection), EGCG (20 mg·kg^−1^, qd, intraperitoneal injection), VCR combined with low‐dose EGCG (VE low group; 10 mg·kg^−1^, qd, intraperitoneal injection), VCR combined with medium‐dose EGCG (VE mid group; 20 mg·kg^−1^, qd, intraperitoneal injection) and VCR combined with high‐dose EGCG (VE high group; 40 mg·kg^−1^, qd, intraperitoneal injection). Drug doses were determined according to the preliminary experiment in the absence of cytotoxic effect. Tumour dimensions were measured with calipres every 2 days. Mean tumour volume was calculated using the following formula: *V* (cm^3^) = width^2^ × length × 0.52. The mice were sacrificed on day 13 after drug administration. The tumours were resected to measure the weight and calculate tumour inhibition (%) by using the formula (mean weight~control~ − mean weight~drug administration~) × 100%/mean weight~control~. Relative tumour volume (RTV) was determined using *V* ~sacrificed~/*V* ~before drug administration~, and relative tumour proliferation ratio (%) was measured using RTV~drug administration~/RTV~control.~

Immunohistochemistry and staining of fixed tumour sections {#feb412905-sec-0007}
----------------------------------------------------------

After the mice were sacrificed, tumours were fixed immediately in 10% buffered formalin phosphate and embedded in paraffin. The sections were stained with SP kit in accordance with the manufacturer\'s instructions. The paraffin sections were routinely dewaxed with xylene and hydrated with gradient alcohol. EDTA buffer antigen retrieval was used for VEGF antigens, and CD34 antigens were citrate buffer retrieved. Primary antibodies (1 : 50) were applied at 4 °C overnight. The sections were washed with PBS and incubated with secondary antibodies at room temperature. The sections were coloured with 3,3‐diaminobenzidine and stained with haematoxylin. The negative control was prepared with the same steps, except that the primary antibody was used instead of PBS.

Any cytoplasmic yellow brown‐stained tumour or endothelial cells were considered as VEGF‐positive cells. Positive rate was evaluated by calculating the percentage of positive cells with a minimum of 500 cells.

Angiogenic activity was assessed by microvessel density (MVD) analysis using immunohistochemistry with antibodies to endothelial marker CD34 and determined according to the method of Foote *et al*. \[[29](#feb412905-bib-0029){ref-type="ref"}\]. In brief, CD34‐immunostained sections were firstly observed at low magnification (×100) to identify areas with the highest neovascularisation. Within the areas, the stained microvessels were counted at high magnification (×400). The average count of vessels in five random areas was considered the value of MVD.

ELISA determination of EGCG {#feb412905-sec-0008}
---------------------------

Mouse blood was obtained and centrifuged at   1500 ***g*** for 10 min. Serum was collected and frozen at −80 °C. VEGF concentration was measured using ELISA kits in accordance with the manufacturer\'s instructions.

Semiquantitative RT‐PCR analysis of EGCG mRNA expression {#feb412905-sec-0009}
--------------------------------------------------------

The tumour tissue was collected, lysed and processed for total RNA isolation at 4 °C by using an RNA extraction and purification kit. Total RNA concentration in each sample was determined using a spectrophotometer. The integrity of the extracted RNA was confirmed by electrophoresis under denaturing conditions. Total RNA (1 µg) was reverse‐transcribed to cDNA by using the first cDNA synthesis, and primers were chemically synthesised with a DNA synthesiser. The primers used for VEGF and β‐actin gene amplification are shown in Table [1](#feb412905-tbl-0001){ref-type="table"}. The PCR products were visualised on 1.5% agarose gel, and pictures were taken with a Bio‐Rad Gel Doc 2000 gel imaging analyser (Bio‐Rad, Hercules, CA, USA). Relative gene expression level was calculated by normalisation to β‐actin by using [quantity one]{.smallcaps} analytic software (IBM Corp., Armonk, NY, USA).

###### 

RT‐PCR primer sequences and amplification condition of gene.

  Gene        Direction                  Sequence (5′--3′)            Product (bp)
  ----------- -------------------------- ---------------------------- --------------
  VEGF        Sense                      `CGAAACCATGAACTTTCTGCTGTC`   452
  Antisense   `TCACCGCCTCGGCTTGTCACAT`   584                          
  β‐actin     Sense                      `ATCTTCAAACCTCCATGATG`       120
  Antisense   `ACCCCCACTGAAAAAGATGA`     120                          
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Statistical analysis {#feb412905-sec-0010}
--------------------

All statistical analyses were performed using [spss]{.smallcaps} 17.0 software package (IBM Corp.). Data are expressed as mean ± SD. Differences between groups were examined using ANOVA for repeated measures, followed by Duncan\'s multiple range test. *P* values \< 0.05 were considered statistically significant.

Results {#feb412905-sec-0011}
=======

Effect of EGCG on angiogenesis in CAM {#feb412905-sec-0012}
-------------------------------------

Chick embryo chorioallantoic membrane was used to analyse the effect of EGCG on angiogenesis. Newborn vessels in the PBS group were rich, clear and have intact branching structure. Despite no significant morphological difference in large vessels between EGCG and PBS groups, the results indicated that EGCG exhibited substantial growth inhibitory effect on medium and small vessels, especially on the latter (*P* \< 0.01, Table [2](#feb412905-tbl-0002){ref-type="table"}).

###### 

Effect of EGCG on angiogenesis in CAM. Data expressed as mean ± SD.

  Group                 Large vessel   Medium vessel     Small vessel
  --------------------- -------------- ----------------- -----------------------------------------------------------
  PBS                   2.20 ± 0.79    5.70 ± 1.34       21.60 ± 3.06
  EGCG (80 mg·L^−1^)    2.10 ± 0.57    5.00 ± 0.94       18.00 ± 1.63[^\*\*^](#feb412905-note-0002){ref-type="fn"}
  EGCG (160 mg·L^−1^)   2.10 ± 0.74    4.90 ± 0.74       14.30 ± 2.00^\*\*^
  EGCG (320 mg·L^−1^)   2.00 ± 0.67    4.60 ± 1.07^\*^   11.60 ± 1.96[^\*\*^](#feb412905-note-0002){ref-type="fn"}

*P* \< 0.05 and *\*\*P* \< 0.01 *vs*. PBS group (one‐way analysis of variance, *n* = 10 in each group).
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Effect of EGCG on tumour growth in KBV200 xenograft model {#feb412905-sec-0013}
---------------------------------------------------------

Our group and other researchers reported that EGCG can inhibit tumour growth in a variety of human cancers \[[30](#feb412905-bib-0030){ref-type="ref"}, [31](#feb412905-bib-0031){ref-type="ref"}, [32](#feb412905-bib-0032){ref-type="ref"}\]. Here, we observed a similar effect on the multidrug‐resistant KBV200 xenograft model. Figure [1](#feb412905-fig-0001){ref-type="fig"} shows that EGCG had no evident effect on tumour weight and volume compared with the control group, thereby revealing that EGCG alone could not inhibit KBV200 growth. VCR could suppress tumour growth, and this effect was greatly enhanced by combining VCR with EGCG. Hence, the combination of EGCG and VCR could significantly inhibit tumour growth. By contrast, tumour growth was inhibited in the EGCG combined with the VCR group. The RTV decreased from 1.8 ± 0.5 to 1.4 ± 0.4, while the concentration of EGCG increased. Thus, EGCG combined with VCR inhibited tumour growth in a dose‐dependent manner (Table [3](#feb412905-tbl-0003){ref-type="table"}).

![Epigallocatechin‐3‐gallate and VCR‐combined treatment considerably inhibited tumour growth in KBV200 xenograft. (A) Tumour weight. (B) Relative tumour volume. A KBV200 cell‐inoculated nude mice xenograft, which is a representative MDR OSCC model, was established and then randomly divided into six groups treated with different compounds as follows: control (PBS only), VCR alone (0.46 mg·kg^−1^), EGCG alone (20 mg·kg^−1^), VCR combined with low‐dose EGCG (VE low group; 10 mg·kg^−1^), VCR combined with medium‐dose EGCG (VE mid group; 20 mg·kg^−1^) and VCR combined with high‐dose EGCG (VE high group; 40 mg·kg^−1^). Compared with the VCR group, the combination of EGCG and VCR could considerably inhibit tumour growth in a dose‐dependent manner, while EGCG alone could not. Data expressed as mean ± SD.*\*\*P* \< 0.01 *vs*. control group, *^\#\#^P* \< 0.01 vs. VCR group (one‐way analysis of variance, *n* = 6).](FEB4-10-1403-g001){#feb412905-fig-0001}

###### 

Effect of EGCG on VCR anticancer activity in KBV200 xenograft nude mice. Data expressed as mean ± SD.

  Group      Tumour weight (g)                                                IR (%)   RTV                                                            T/C (%)
  ---------- ---------------------------------------------------------------- -------- -------------------------------------------------------------- ---------
  Control    0.99 ± 0.30                                                      --       5.5 ± 0.9                                                      100
  VCR        0.82 ± 0.21[^\*\*^](#feb412905-note-0003){ref-type="fn"}         17.6     4.3 ± 0.9[^\*\*^](#feb412905-note-0003){ref-type="fn"}         77.7
  EGCG       0.90 ± 0.19                                                      9.5      5.7 ± 0.5                                                      103.5
  V E low    0.31 ± 0.19[***^\#\#^***](#feb412905-note-0003){ref-type="fn"}   69.1     1.8 ± 0.5[***^\#\#^***](#feb412905-note-0003){ref-type="fn"}   33.3
  V E mid    0.27 ± 0.10[***^\#\#^***](#feb412905-note-0003){ref-type="fn"}   72.8     1.6 ± 0.8[***^\#\#^***](#feb412905-note-0003){ref-type="fn"}   29.4
  V E high   0.24 ± 0.11[***^\#\#^***](#feb412905-note-0003){ref-type="fn"}   76.1     1.4 ± 0.4[***^\#\#^***](#feb412905-note-0003){ref-type="fn"}   25.2

*P* \< 0.05 and *\*\*P* \< 0.01 *vs*. control group, *^\#^P* \< 0.05 and *^\#\#^P* \< 0.01 vs. VCR group (one‐way analysis of variance, *n* = 6).
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All animals survived after the experimental model procedures. The evolution of body weights of the six study groups is shown in Table [4](#feb412905-tbl-0004){ref-type="table"}. Except for the VCR group, there was a gradual weight gain in other five groups over 13 days. The higher weight gain was observed in the control group mice, with no significant difference between the EGCG groups (*P* \> 0.05). In addition, VCR possessed toxicity to mice, showing a significant loss of body weight (*P* \< 0.01). However, EGCG can reduce the toxicity of VCR, showing a significant gain of body weight (*P* \< 0.01). These results suggest that EGCG could sensitise multidrug‐resistant OSCC to VCR *in vivo*.

###### 

Effect of EGCG on VCR toxicity in KBV200 xenograft nude mice. Data expressed as mean ± SD.

  Group      Mice survived (*n*) initial/end   Body weight (g) initial/end
  ---------- --------------------------------- ----------------------------------------------------------------------------------
  Control    6/6                               16.5 ± 0.49/18.5 ± 0.19
  VCR        6/6                               16.58 ± 0.7/15.8 ± 0.51[***^\*\*^***](#feb412905-note-0003){ref-type="fn"}
  EGCG       6/6                               16.57 ± 0.74/18.45 ± 0.4[***^\#\#^***](#feb412905-note-0004){ref-type="fn"}
  V E low    6/6                               16.48 ± 0.55/17.68 ± 0.38[***^\*\*\#\#^***](#feb412905-note-0004){ref-type="fn"}
  V E mid    6/6                               16.47 ± 0.56/17.83 ± 0.33[***^\*\*\#\#^***](#feb412905-note-0004){ref-type="fn"}
  V E high   6/6                               16.45 ± 0.91/18.03 ± 0.47[***^\*\#\#^***](#feb412905-note-0004){ref-type="fn"}

*P* \< 0.05 and *\*\*P* \< 0.01 *vs*. control group, *^\#^P* \< 0.05 and *^\#\#^P* \< 0.01 vs. VCR group (one‐way analysis of variance).
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Effect of drug on MVD in KBV200 xenograft nude mice {#feb412905-sec-0014}
---------------------------------------------------

As shown in Fig. [2](#feb412905-fig-0002){ref-type="fig"}, the variations in microvascular morphology and size were different. The figure also displays endothelial cell clusters or single endothelial cell with a ring‐shaped or cable structure. Dense microvascular morphology was mostly distributed within the front area infiltrated by tumour cells. As shown in Table [5](#feb412905-tbl-0005){ref-type="table"}, the MVD in the control group was 22.58 ± 3.83, which was significantly higher than that in the VCR group (*P* \< 0.01). However, the MVD in the combined treatment group was lower than that in the VCR group (*P* \< 0.05).

![Combination of EGCG and VCR exhibited stronger inhibitory effect on tumour angiogenesis. Angiogenic activity was assessed by MVD analysis using immunohistochemistry with antibodies to the endothelial marker CD34 (*n* = 6 in each group, magnification of ×400). In brief, the CD34‐immunostained sections were firstly observed at low magnification (×100) to identify the areas of highest neovascularisation. Within the areas, the stained microvessels were counted at high magnification (×400), and the average vessel count in five random areas was considered as the MVD value. The MVD in the control group was significantly higher than that in the VCR group (*P* \< 0.01). However, the MVD in the combined treatment was much lower than that in the VCR group (*P* \< 0.05), indicating that EGCG combined with VCR exhibited stronger inhibitory effect on tumour angiogenesis. Scale bar: 20 µm.](FEB4-10-1403-g002){#feb412905-fig-0002}

###### 

Effect of drug on MVD in KBV200 xenograft nude mice. Data expressed as mean ± SD.

  Group      MVD (number/×400)
  ---------- -----------------------------------------------------------------
  Control    22.58 ± 3.83
  VCR        18.67 ± 3.19[***^\*\*^***](#feb412905-note-0005){ref-type="fn"}
  EGCG       21.53 ± 3.73
  V E low    15.83 ± 2.14[^\#\*^](#feb412905-note-0005){ref-type="fn"}
  V E mid    12.07 ± 1.88[***^\#\#^***](#feb412905-note-0005){ref-type="fn"}
  V E high   9.25 ± 1.91[***^\#\#^***](#feb412905-note-0005){ref-type="fn"}

*P* \< 0.05 and *\*\*P* \< 0.01 *vs*. control group, *^\#^P* \< 0.05 and *^\#\#^P* \< 0.01 vs. VCR group (one‐way analysis of variance, *n* = 6).
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Effect of EGCG on VEGF expression in KBV200 xenograft model {#feb412905-sec-0015}
-----------------------------------------------------------

As shown in Fig. [3](#feb412905-fig-0003){ref-type="fig"}, the VEGF protein expression in tumour tissues, which displayed brown diffuse cytoplasmic distribution in cells, was distributed more around the edge of the active growth cells than that at the centre. The VEGF expression levels in different treatment groups were as follows: control, 41.17%; VCR, 15.12%; EGCG, 16.34%; and VE mid, 7.41%. ANOVA showed that the VEGF expression was decreased by EGCG and VCR, and a synergistic effect existed when the two were combined (*P* \< 0.01). The VEGF expression in the VE low group did not significantly differ from that in the VCR group. However, the VEGF expression levels in the mid and high VE groups were reduced compared with that in the VCR group (*P* \< 0.01).

![Effect of EGCG on VEGF expression in KBV200 xenograft model. (A) Representative immunohistochemical staining image of tumour tissue (magnification of ×400). Scale bar: 20 µm. (B) Summarised data. The VEGF protein expression in tumour tissues, which displayed brown diffuse cytoplasmic distribution in cells, was more distributed around the edge of the active growth cells than at the centre. The VEGF expression was decreased by EGCG and VCR, and a synergistic effect existed when the two were combined with each other. The VEGF expression in low‐dose EGCG combined with VCR did not significantly differ from that in the VCR group. However, the VEGF expression in mid‐ and high‐dose EGCG combined with VCR exhibited a marked reduction compared with that in the VCR group. Data expressed as mean ± SD.*\*\*P* \< 0.01 *vs*. control group, *^\#\#^P* \< 0.01 vs. VCR group (one‐way analysis of variance, *n* = 6).](FEB4-10-1403-g003){#feb412905-fig-0003}

Effect of EGCG on VEGF serum levels in KBV200 xenograft model {#feb412905-sec-0016}
-------------------------------------------------------------

The serum levels of VEGF were measured using ELISA. As shown in Fig. [4](#feb412905-fig-0004){ref-type="fig"}, the VEGF concentration in the VCR and EGCG groups significantly decreased compared with that in the control group (*P* \< 0.01). The serum concentration levels of VEGF were 3.52 ± 0.75 and 2.93 ± 1.49 pg·mL^−1^ in the mid and high VE groups, respectively. These values were obviously decreased (*P* \< 0.01) compared with those in the VCR group.

![Effect of EGCG on VEGF serum levels in KBV200 xenograft model. The serum levels of VEGF were measured using ELISA. The VEGF concentration of either the VCR or EGCG group was significantly decreased compared with that of the control group. The VEGF level in the VE mid and high groups was evidently further decreased compared with that in the VCR group (*P* \< 0.01). Data expressed as mean ± SD. *\*\*P* \< 0.01 *vs*. control group, *^\#\#^P* \< 0.01 vs. VCR group (one‐way analysis of variance, *n* = 6).](FEB4-10-1403-g004){#feb412905-fig-0004}

Effect of EGCG on VEGF mRNA expression in KBV200 xenograft model {#feb412905-sec-0017}
----------------------------------------------------------------

The mRNA of VEGF in the tumour tissues of different treatment groups was measured by RT‐PCR to further examine the involvement of EGCG in the regulation of VEGF at the mRNA level. EGCG demonstrated similar effects on VEGF mRNA and serum levels. As shown in Fig. [5](#feb412905-fig-0005){ref-type="fig"}, the combination of EGCG and VCR significantly inhibited VEGF mRNA expression compared with VCR alone, except in the low EGCG group (*P* \< 0.05).

![Effect of EGCG on VEGF mRNA expression in KBV200 xenograft model. (A) Summarised data showing the effect of drug on VEGF mRNA expression. (B) Representative gel image of PCR production: lane 1, control; lane 2, VCR; lane 3, EGCG; lane 4, VE low; lane 5, VE mid; lane 6, VE high; and M, maker. The mRNA levels of VEGF in different groups were measured via RT‐PCR. The results indicated that EGCG had similar effects on VEGF mRNA and serum levels. Combining EGCG with VCR could significantly inhibit VEGF mRNA expression compared with VCR alone, except in the low EGCG‐combined group (*P* \< 0.05). Data expressed as mean ± SD. *\*\*P* \< 0.01 *vs*. control group, *^\#^P* \< 0.05 and *^\#\#^P* \< 0.01 vs. VCR group (one‐way analysis of variance, *n* = 6).](FEB4-10-1403-g005){#feb412905-fig-0005}

Discussion {#feb412905-sec-0018}
==========

Multidrug resistance is a critical cellular defence mechanism that protects tumour cells from chemotherapy agents; this phenomenon is the major cause of treatment failure in patients with cancer \[[33](#feb412905-bib-0033){ref-type="ref"}\]. Drug efflux transporters have emerged as a research hotspot. For example, Pgp is one of the protein families located in the plasma membrane and is encoded by the MDR1 gene \[[33](#feb412905-bib-0033){ref-type="ref"}, [34](#feb412905-bib-0034){ref-type="ref"}\]. Other molecules that are involved in drug resistance include MDR‐associated proteins \[[35](#feb412905-bib-0035){ref-type="ref"}, [36](#feb412905-bib-0036){ref-type="ref"}\], glutathione S‐transferase‐p \[[37](#feb412905-bib-0037){ref-type="ref"}\] and DNA topoisomerase II \[[38](#feb412905-bib-0038){ref-type="ref"}\]. However, these molecules cannot fully explain MDR in OSCC. MDR is an extremely complex and multifactorial process \[[7](#feb412905-bib-0007){ref-type="ref"}\]. Neovascularisation plays an important role in MDR. MDR phenotypes are closely associated with the phenotype of tumour angiogenesis in human hepatoma cell lines \[[39](#feb412905-bib-0039){ref-type="ref"}\]. VEGF is the most crucial factor during the formation of tumour blood vessels \[[40](#feb412905-bib-0040){ref-type="ref"}\]. Klement *et al*. \[[41](#feb412905-bib-0041){ref-type="ref"}\] found that anti‐VEGFR‐2 antibodies combined with a small dose of chemotherapy drugs could reverse the MDR of high Pgp‐expressing breast cancer cells. VEGFR‐2 tyrosine kinase inhibitor YM‐231146 could completely suppress the growth of taxol‐resistant tumour at the dose of 100 mg·kg^−1^; this finding indicates the huge effect of VEGF on MDR \[[42](#feb412905-bib-0042){ref-type="ref"}\].

Researchers have been searching for resistance reversal agents that have high efficiency, low toxicity and a wide range of targets. Although compounds, such as verapamil and tamoxifen, demonstrate resistance reversal activity in clinical applications, they still have limitations owing to the narrow spectrum of targets and considerable side effects \[[43](#feb412905-bib-0043){ref-type="ref"}, [44](#feb412905-bib-0044){ref-type="ref"}, [45](#feb412905-bib-0045){ref-type="ref"}\]. Chinese medicine has its superiority. Most Chinese medicines possess antitumour effect; moreover, their effect can be enhanced and their toxicity can be attenuated when combined with chemotherapy drugs. These medicines are multitargeting and have limited adverse reactions. Many extracts from Chinese herbals, monomer compositions or compounds, such as tea polyphenols, tetrandrine, neferine and *Brucea javanica* oil emulsion, could reverse the MDR of leukaemia, breast cancer, liver cancer, gastric cancer and oral epithelial carcinoma \[[46](#feb412905-bib-0046){ref-type="ref"}, [47](#feb412905-bib-0047){ref-type="ref"}\]. Therefore, Chinese medicine that can reverse MDR has become the focus of antitumour drug research.

Epigallocatechin‐3‐gallate, the main component of tea polyphenols, exhibits powerful biological effects, such as antimutation, antitumour formation, MDR reversal and anti‐angiogenesis \[[48](#feb412905-bib-0048){ref-type="ref"}, [49](#feb412905-bib-0049){ref-type="ref"}\]. The exact mechanisms of the multiple pharmacological effects of EGCG involve a number of key enzymes and information transmission \[[50](#feb412905-bib-0050){ref-type="ref"}\]. The anti‐angiogenesis effect of EGCG is fundamental to its antitumour formation. Experiments verified that EGCG inhibits CAM vascular growth at the dose of 80--320 mg·L^−1^. EGCG can also inhibit the secretion of VEGF in tumour cells, resulting in suppressed tumour angiogenesis and restrained tumour growth \[[18](#feb412905-bib-0018){ref-type="ref"}, [51](#feb412905-bib-0051){ref-type="ref"}\].

Sustained angiogenesis is a critical factor during the growth and metastasis of solid tumours. After a solid tumour is formed, nutrients for tumour cells are mainly supplied by diffusion in the stage called avascular early stage of invasion. The diameter of tumour nodule is generally less than 2--3 mm during this period. Once neovascularisation occurred inside the tumour, the tumour growth is accelerated immediately \[[52](#feb412905-bib-0052){ref-type="ref"}\]. The tumour then becomes prone to invasion and metastasis. Angiogenesis is similar in normal tissues and tumours, but the ratio of immature vessels is higher in the latter due to its particular microenvironmental conditions, including incomplete basement membrane, few intercellular connections, irregular lumen, evident distortion and sinus‐shaped dilation of blood vessels, high degree of atypia, fast growth and abundant vas capillary \[[53](#feb412905-bib-0053){ref-type="ref"}\]. The activation of tumour angiogenesis does not mean improved blood perfusion. Meanwhile, immature and nonfunctional vessels, unbalanced distribution of blood vessels and rapid proliferation of tumour cells lead to a hypoxic state \[[53](#feb412905-bib-0053){ref-type="ref"}\]. The decline in perfusion leads to difficulty in achieving high concentration in tumour parenchyma; thus, the treatment effect is greatly reduced. At present, MVD is considered the gold standard for the evaluation of tumour angiogenesis. In the present study, we determined MVD by using specific CD34 antibody to mark endothelial cells in tumour. The MVD was considerably reduced to 15.83 ± 2.14, 12.07 ± 1.88 and 9.25 ± 1.91 in the combined EGCG and VCR groups in a dose‐dependent manner compared with that in the VCR group alone (MVD: 18.67 ± 3.19). Given the difference in xenograft growth and tumour apoptosis, EGCG was proven to exert a sensitisation effect on VCR by inhibiting KBV200 growth *in vivo* possibly by partly diminishing blood vessels. This phenomenon blocks nutritional and paracrinal effects on tumour cells and thus induces apoptosis.

However, the effect of EGCG on tumour growth differed from that on VEGF expression. We speculated that the difference could be due to two reasons. Firstly, VEGF detection was performed using immunohistochemistry, which is not sensitive to VEGF. Secondly, the effects of EGCG on tumour growth and VEGF possibly vary, that is, the inhibition of EGCG on tumour growth might be through an alternative pathway in addition to VEGF inhibition. However, the exact reason remains unknown and must be validated in future studies.

Epigallocatechin‐3‐gallate exhibits potential as a new target for cancer therapy. Inhibiting tumour angiogenesis could be an effective therapeutic option to treat refractory chemotherapeutic drug‐resistant tumours.
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